Abstract. Two rootstocks from the Giessen (GiSelA) series of dwarfing cherry (Prunus sp.) rootstocks, GiSelA (GI) 5 (syn. 148/2) and GI 6 (syn. 148/1), are becoming commercially important and five other Giessen cherry rootstocks are being evaluated for horticultural traits. Since GI 5 and GI 6 are morphologically similar, a DNA fingerprinting project was undertaken to identify molecular markers that could be used by the nursery industry to differentiate these two rootstocks. The project was extended to include six additional Giessen rootstocks of varying pedigrees. Fourteen DNA primer pairs were tested for their ability to differentiate among the eight rootstocks. None of the primer pairs could differentiate all eight rootstock selections; however, three primer pairs could differentiate all but two selections. Two primer pairs, PMS 15 and PceGA59, were identified as the most suitable for high throughput screening of GI 5 and GI 6 due to the simplicity and the size of the base pair differences among the polymorphic fragments. These results demonstrate the utility of molecular markers to differentiate the Giessen cherry rootstocks.
investigations with these three selections were performed in two different laboratories, Michigan State Univ. (MSU) and the Institute für Pflanzengenetik und Kulturpflanzenforschung (IPK). Leaves from GI 5, GI 6 and GI 12 were sent from plants growing at NRSP5. Plants from ML were plantlets sent in tissue culture boxes, and plants from Hilltop were dormant liners that were subsequently grown in the greenhouse. In addition, the following five Giessen selections were compared at IPK: GI 7 (syn. 148/8), GI 8 (syn. 148/9), 195/20, GI 4 (syn. 473/10) , and 148/13. Budwood for these selections was obtained from the German Nursery Consortium (CDB) and leaves were obtained from grafted plants. DNA was extracted from young leaves following the procedures of Stockinger et al. (1996) (MSU) and Struss et al. (1996) (IPK) .
At IPK, 9 SSR primer pairs were scored for each selection (Table 1 ). The SSR primer pairs were obtained from a sweet cherry (P. avium L.) library according to Struss and Plieske (1998) . For PCR, 100-150 ng template DNA, 250 nM of each primer, 200 µM of dNTPs (Gibco BRL, Rockville, Md.), 0.8 U of Taq Polymerase (Quiagene, Valencia, Calif.), and 1.5 mM of MgCl 2 were mixed. Forty-five cycles of amplification (denaturing at 94 °C for 1 min, annealing at 55 °C or 60 °C, depending on the primer pair, for 1 min, extension at 72 °C for 2 min) were followed by a final extension step at 72 °C for 1 h. The amplification products were detected on denaturing polyacrylamide gels using automated sequencers A.L.F. (Pharmacia Biotech, Milwaukee, Wis.) or ABI 377 (Applied Biosystem, Fostercity, Calif.).
At MSU, two SSR nuclear primer pairs isolated from sour cherry and two isolated from peach were used (Table 1) to evaluate GI 5, GI 6 and GI 12. The sour cherry nuclear primer pairs, PceGA50 and PceGA59, were obtained from a P. cerasus 'Erdi Botermo' genomic library (A. Iezzoni, unpublished) . The peach primers, pchpgms3 and pchpgms4, were obtained courtesy of A. Abbott (Sosinski et al., 2000) . The PCR reactions for the SSR markers were preformed according to Cantini et al. (2001) . Amplified fragments were sized using a 10-bp ladder (Gibco BRL, Rockville, Md.). One chloroplast fragment was amplified following the procedure of Brettin et al. (2000) . Amplification of the cpDNA fragment was done using two PCR reactions. The first PCR reaction used the 'AB' primers and amplification conditions as described by Taberlet et al. (1991) . The PCR product from this reaction was diluted 1:100 and used as a template in a second PCR reaction with the [AB] nested primers designed from sour cherry sequence (Table 1, Brettin et al., 2000) . The amplification products were separated on a 6% polyacrylamide gel run at 80 V for 2 h and stained using Silver Sequence staining system (Promega, Madison, Wis.).
Results and Discussion
The PCR fragments amplified from GI 5, GI 6, and GI 12 were identical for U.S. or German tissue sources (data not shown). FragThe Giessen (GiSelA) series of dwarfing cherry (Prunus sp.) rootstocks that were developed in the breeding program of Professors W. Gruppe and Hanna Schmidt at Giessen Univ., Giessen, Germany (Schmidt and Gruppe, 1988) , are becoming commercially important because they can increase precocity and reduce tree size by as much as 50% (Webster and Schmidt, 1996) . As a result, numerous tree fruit nurseries are propagating the two most promising rootstocks from this series, GiSelA 5 (GI 5, syn. GI 148/2) and GI 6 (syn. GI 148/1). Identification of these rootstocks in the nursery is particularly challenging because the plants of GI 5 and GI 6, which are full siblings from the same interspecific cross, P. cerasus L. Schattenmorelle x P. canescens (Webster and Schmidt, 1996) , are morphologically similar. The morphological similarity of these selections and the desire of the nursery industry to confirm the identity of the two rootstock selections prompted us to conduct a genetic fingerprinting project. Six other Giessen rootstock selections of varying pedigrees were also included in the study.
Three of these six rootstocks tested [GI 7 (syn. 148/8) , GI 8 (syn. 148/9), and 148/13] are from the same cross that produced GI 5 and GI 6. Two other rootstocks [GI 12 (syn. 195/2) and 195/20] are from the reciprocal cross with P. canescens as the maternal parent. The last rootstock selection tested, GI 4 (syn. 473/10), is from the cross P. avium L. x P. fruticosa Pall.
Genetic fingerprinting using DNA-based markers is an accepted technique for distinguishing closely related biological specimens; however, this method requires reproducible polymorphic markers. The molecular markers of choice for genetic fingerprinting studies are frequently simple sequence repeats (SSRs, also termed microsatellites) (Litt and Ludy, 1989) due to their hypervariability, abundance, and relatively simple diagnostic polymerase chain reaction (PCR) procedure (Powell et al., 1996) . SSR markers of the nuclear genome under development in Prunus species were chosen for this study because of their reported hypervariability and reproducibility (Cantini et al., 2001; Cipriani et al., 1999; Downey and Iezzoni, 2000; Sosniski et al., 2000) . In addition, a PCR-based marker that amplified a variable chloroplast region in cherry (Brettin et al., 2000; Downey et al., 2000) was also tested.
Materials and Methods
Plant material of GI 5 (syn. 148/2), GI 6 (syn. 148/1), and GI 12 (syn. 195/2) was obtained from three U.S. sources for evaluation, Hilltop Nurseries (H), Hartford, Mich.; Meadow Lake Nursery (ML), McMinnville, Ore.; and the USDA National Research Support Project #5 (NRSP5), Prosser, Wash. The Table 1 . Primer sequences and sources for nine of the primer pairs used in this study.
z The primer listed first is the forward primer. Struss. y This fourth nucleotide, a C in our primer, is a G in the original pchpgms3 primer (Sosinski et al., 2000) . ment size(s) for each primer pair/rootstock selection (Table 2 ) are values obtained from multiple amplifications across tissue samples.
The 13 nuclear primer pairs tested amplified from one to three fragments in all the selections (Table 2) . Since these rootstock selections are triploid, three bands would be the maximum number expected if the primer pairs were amplifying alleles at one locus. The chloroplast primer pair [AB] amplified one fragment in each of the three rootstock selections tested (Table 2) . A 249-bp fragment was amplified in GI 5 and GI 6 while a 238-bp fragment was amplified in GI 12. The amplification of one fragment is consistent with this marker being a chloroplast sequence. Additionally, since GI 5 and GI 6 have the same maternal parent it was expected that these selections would exhibit a common chloroplast fragment.
The nuclear primer pairs generated repeatable polymorphisms that distinguished the eight rootstock selections ( Table 2 ). None of the primer pairs differentiated all the selections; however, primer pairs PMS 13, PMS 18 and PMS 30 differentiated all but two selections. Of the four nuclear primer pairs tested only for GI 5, GI 6, and GI 12, pchpgms4 and PceGA59 were able to differentiate these three rootstocks.
The identification of polymorphisms among the rootstock selections, seven of which have the same parents, suggests that the parental material is highly heterozygous for these putative marker loci. This agrees with a previous study of SSR diversity in sour cherry that suggested that sour cherry exhibits intra-and inter-locus heterozygosity (Cantini et al., 2001) . Six of the nuclear primer pairs used in this study also identified polymorphisms among germplasm accessions of sour cherry (Cantini et al., 2001) . For example, PMS 3 and PMS 30 identified 16 and 11 different size fragments, respectively, among 75 individuals evaluated in the sour cherry germplasm collection. Using just the fragment size information from PMS 3, it was possible to discriminate among all but two of 75 sour cherry selections (Cantini et al., 2001) .
One of our objectives was to identify primer pairs that would be suitable for adoption by the nursery industry for high-throughput screening to verify rootstock identity. Of immediate interest were primer pairs that could differentiate the commercially important rootstock selections GI 5 and GI 6. Two primer pairs, PMS 15 and PceGA59, would be best suited for automation because the base-pair size differences among the polymorphic fragments were at least 3 bp and the two rootstocks had no more than one fragment in common. PMS 15 produced one polymorphic fragment for each of the rootstocks. Fragments of 133 and 126 bp were amplified for GI 5 and GI 6, respectively. The primer pair PceGA59 amplified a total of four polymorphic fragments between GI 5 and GI 6 (Fig. 1) . GI 5 had fragments of 194 and 186 bp while GI 6 had fragments of 226 and 189 bp. In addition, PceGA59 has been demonstrated to exhibit Mendelian inheritance and has been mapped Table 2 . Fragment sizes (bp) for 14 primer pairs tested on the Giessen rootstocks. z to the Prunus linkage group 1 (P. Arus, personal communication).
These results demonstrate the feasibility of identifying DNA markers to distinguish among the Giessen cherry selections that share common ancestries. These and other Prunus SSR markers that are being developed by ourselves and other groups (A. Abbott and P. Arus, personal communication) will result in a growing selection of markers that can be used for the identification of cherry material by the nursery trade and as markers for Prunus geneticists.
